Abstract -The morphology of 366 specimens of small (forearm <45 mm; cranial mastoid width <7.9 mm) Miniopterus from Indonesia, Philippines, New Guinea and Australia was examined, with the assistance of univariate and multivariate statistical analyses.
INTRODUCTION
According to Hill in Corbet and Hill (1992) , the small species of Miniopterus in eastern Indonesia, Philippines, New Guinea and Australia which have a forearm length of less than 45 mm and a mastoid width less than 7.9 mm, comprise only the two species: M. australis Tomes, 1858 and M. pusillus Dobson, 1876 . Hill (1983 tabulated several cranial, dentary and external body measurements of a number of populations of M. australis and M. pusillus. He stated that these species were sympatric over much of their distributional overlap. Where they occur together they can be distinguished by "the slightly greater external size of pusillus".
However, according to Hill (1983) the literature contains many examples of these two species being misidentified.
A number of taxa have been recognised among the small species of Miniopterus in or adjacent to Indonesia, Philippines, New Guinea and Australia. These are listed below, along with their type localities:
Miniopterus australis australis Tomes, 1858 Loyalty islands (but see Hill 1983: 171-173) M. australis shortridgei Laurie and Hill, 1957 Kalipoetjang, Tji -Tandoei R., south Java M. a. minor Laurie and Hill, 1954 Kalipoetjang, Tji -Tandoei R., south Java M. tibialis (Tomes, 1858) Maeda, 1982 -Malaita and San Christobal, Solomon islands There has been considerable confusion as to the taxonomic relationships among these taxa. For example Tate (1941) stated that "witkampi is a synonym of pusillus" and "macrocneme from Loyalty islands is apparently synonymous with australis". However, Petersen (1981b) and Hill (1983) associated macrocneme with pusillus, while Maeda (1982) associated macrocneme with the Miniopterus fuscus group of species. Hill (1983) and Hill in Corbet and Hill (1992) considered tibialis, witkampi, paululus, shortridgei and solomonensis as subspecies of M. australis. Tate (1941) considered australis synonymous with paululus; an opinion supported by Sanborn (1952) and considered possible by Hill (1983) . Sanborn (1952) also thought it likely that tibialis was a synonym of australis. Petersen (1981a) disagreed somewhat and suggested that paululus and shortridgei were distinct from australis. Maeda (1982) and Koopman (1982) considered paululus a species; and the former author placed shortridgei in synonymy with paululus.
Expeditions throughout Java, Nusa Tenggara and Maluku Tenggara by staff from the Western Australian Museum and Museum Zoologicum Bogoriense between 1987-1994 resulted in an extensive collection of small Miniopterus that were representative of M. australis and M. pusillus (sensu Hill in Corbet and Hill 1992) . These specimens came from the islands of: Java, Madura, Lombok, Sumbawa, Moyo, Alor, Wetar, Kai, Selaru (Tanimbar), Timor, Semau, Roti, Savu and Seram. These recent collections, in conjunction with existing collections from Borneo, Philippines, Papua New Guinea and Australia (Queensland and New South Wales), (see Figure 1 for collection localities) allow for a fresh appraisal of the taxonomy of small Miniopterus in this region. This paper reports on such an appraisal, particularly with the view of evaluating the uncertain taxonomic status of most populations and particularly of the previously unreported populations from Madura, Lombok, Sumbawa, Moyo, Alor, Wetar, Selaru, Semau, Roti and Savu islands (Figure 1 ). D.J. Kitchener, A. Suyanto ..Malaila . , 0<) .. • • San Chtislobal . .
MATERIALS AND METHODS For the morphometric analyses, 366 adult
Miniopterus specimens from Java, Borneo, 13 islands in Nusa Tenggara and Maluku Tenggara, Philippines, Papua New Guinea and Australia were measured and analysed statistically, using both univariate and multivariate analyses.
Adult condition was judged to be when there was no swelling of the epiphyses of the wing metacarpals or phalanges. Adults were further subdivided into young adults (no wear at distal end of upper canine, or if worn dentine not exposed) and old adults (worn upper canine with dentine exposed).
The measurements (all in mm) were recorded from each specimen using vernier calipers as follows: GSL, greatest skull length; BCL, basicranial length; PL, palatal length; ICD, intercochlear distance; MW, mastoid width; MFB, mesopterygoid fossa breadth; CH, cranial height; LIB, least interorbital breadth; ZW, zygomatic width; BB, braincase breadth; Cl-M3, upper maxillary tooth row cusp length; ClCl, distance between upper canines at basal labial surface; M3M3, distance between upper third molar cusps, at labial surface; M2L, upper second molar cusp length; M2B, upper second molar cusp breadth; I1M y lower tooth row cusp length and DL, dentary length from condyle to anterior most point; SVL, snout to anus length; TVL, distal point of tail to anus length; EL, ear length; TIB, tibia length; FA, forearm length; D2-5MC, digits 2-5 metacarpal length; and D3PI-3, digit 3 phalanx 1-3 length.
Sexual dimorphism of 17 cranial, dentary and dental characters (referred to collectively as skull characters) and 12 external body characters of Miniopterus specimens was investigated by standard multiple regression (where all effects were assessed simultaneously) of each character on sex and population, with skull and external body characters run separately. Specimens preserved and lodged in the Western Australian Museum's collection from each island, and from Queensland and New South Wales (Australia) were regarded as separate populations. Additionally two distinct forms of small Miniopterus were recognised a priori as occurring on some islands (Java, Lombok, Sumbawa, Alor, Selaru, Semau, Roti and Seram). Where this occurred, each form on the island was considered a separate population. These forms were clearly recognisable as a larger and smaller form.
Only the populations represented by both the two adult age types and both sexes present were included in these analysis. For the skull characters these were: Java (large form), Lombok island (small), Lombok island (large) Sumbawa island (small), Semau (small), Savu, Selaru (small) and Queensland. For the external characters these populations were: Borneo, Sumbawa (small), Lombok (large), Semau (small), Savu, Selaru (large), Queensland and New South Wales. The difference in the populations used in these analyses results from damage to skulls but not external body characters, or the converse. Graphical inspection of raw data using plots from regression analyses gave no indication of heteroscedasticity.
After first examining for the influence of adult age and/ or sex on characters Discriminant Function Analyses (DFA) were run separately for measurements of skull and external characters. Characters that were age or sex dependent, or which had a significant interaction between age and sex, or which had a number of missing cases, were excluded from these analyses.
Populations, as identified above, that had clearly overlapping clusters in discriminant function space were combined as a group. Groups so recognised were then run again with DFA but using a subset of five most influential characters; these subsets were chosen so as to minimise the value of Wilks' Lambda (How et al. 1996) . In all cases this subset of five characters provided a similar grouping of islands to that when the DFA used the full set of 11 characters. For this reason only the DFA based on such a subset of characters are presented.
Statistical analyses were performed using SPSS-PC+ (Norusis, 1986) .
Specimens examined were from a number of museums. These museums are denoted by a prefix code before the specimen number as follows: WAM, Western Australian Museum; JM, Queensland; M, Australian Museum; and CM, CSIRO, Australia. Most specimens have both a skull and spirit carcase; those affixed with'S' have a skull only and with 'E', spirit carcase only.
RESULTS

Multiple regressions
Because of the number of associations tested, the level of statistical significance is set at P<O.Ol.
Skull characters -There were significant interactions in the full model in two characters: palatal length (sex. age. population and sex. population) and M2 breadth (age. population). Only cranial height was sexually dimorphic with males of all populations being on average larger (F 1 ,104 = 7.304, P = 0.008). Age was not significantly associated with any character. All characters differed significantly at P<O.OOl between populations, except greatest skull length; the characters with the highest F values were CM3 length, M3M3 distance C1Cl distance and dentary length (Table la) .
External body characters -There were no significant interactions in the full model, nor was there any significant association of any of the characters with either sex or age. However, all characters were highly significantly (P< 0.001) associated with population, particularly tibia length and digit 3 and 5 metacarpal lengths (Table 1b) .
Discriminant Function Analyses (DFA)
(a) Skull characters -five skull characters were omitted from all DFA. Two of these were omitted because a number of individuals had missing values (mesopterygoid fossa breadth and zygomatic width), two because of significant interactions between main effects (palatal length and M2 breadth) and cranial height and one because it was sexually dimorphic.
A DFA using a subset of five of the remaining 12 characters (M3M3 distance, braincase breadth, CM3 length, C1Cl distance and dentary length) was run for all populations. This analysis extracted four significant functions which explained a total of 98.6% of the variation and allowed 40.4% of specimens to be allocated to their correct group. Three major groupings of these populations were apparent from the plot of Functions 1 and 2 ( Figure  2a) . Combinations of other Discriminant Functions do not clarify further these major groups. These groups are: Java Group [Java (large), Alor (larger form), Seram (large), Lombok (large), Roti (large) and Sumbawa (large)]; Queensland Group [Queensland, New South Wales, Papua New Guinea, Borneo, Seram (small form), Philippines, Kai, Selaru (large)]; and Savu Group [Savu, Alor (small), Madura, Java (small), Lombok (small), Moyo, Roti (small), Timor, Wetar, Selaru (small), Semau and Sumbawa (small)].
The OFA on external body characters (see below) indicated that two clear sub-groupings of populations occurred in the Queensland Group. Consequently, after dividing the Queensland Group into two Groups (New Guinea and Selaru), a OFA was run using a subset of five skull characters (see Table 2a ) and the following four a priori population groupings: Java Group (as above); New Guinea Group (Papua New Guinea, Queensland, New South Wales, Kai and Seram (small); Selaru Group [Selaru (large), Philippines and Borneo]; and Savu Group (as above).
This OFA extracted three significant functions. Function 1, which separated the Savu Group from the other groups, explained 83.2% of the variance (Figure 3a) . The canonical variate coefficients with the highest values on Function 1 were braincase breadth, CIM3 length and M3M3 distance (Table 2a) . Function 2, which separated the Java Group from the Selaru Group, also partially separated the Java Group, explaining 15.6% of the variance. The coefficients with the highest values on Function 2 were braincase breadth, M3M3 distance and M2 length. Plots of other combinations of Functions 1 to 3 did not further clarify these four groupings.
A total of 88.5% of individuals were allocated to their correct population grouping. Only four of the 115 individuals from the Savu Group were misclassified; three to the Java Group and one to the Selaru Group. Three of the 28 Java Group individuals were misclassified; one to the Selaru Group and two to the New Guinea Group. Most misclassifications were between the New Guinea and Selaru Group: with seven of 44 individuals from the Selaru Group to the New Guinea Group and seven of the 32 individuals from the New Guinea Group to the Selaru Group and five to the Java Group.
(b) External body characters -Snout to vent length and tail length were omitted from all OFA because these two measurements could not be recorded with the accuracy of other body measurements.
A OFA using a subset of five of the remaining characters (tibia length, digit 5 metacarpal length, digit 3 phalanx 2 and 3 lengths and ear length) was run for all populations. This analysis extracted four significant functions and allowed 46.1% of specimens to be allocated to their correct group. Three major groupings of these populations are apparent and these are displayed in a plot of Functions 1 and 2 (Figure 2b ). These major population groupings were (using the above terminology): Java Group; New Guinea Group; and Selaru Group and Savu Group (combined). However, because individuals in the Savu group were distinguishable on skull characters from the Selaru Group, the DFA was based on a subset of five external body characters (see Table 2b ) and the four a priori groups of Java, New Guinea, Selaru and Savu. This analysis extracted three significant functions. Function I, which explained 82.2% of the variance, separated the New Guinea Group from the other groups and partially separated the Selaru Group from the Java Group (Figure 3b) (Java, New Guinea, Selaru and Savu), both in skull and or external body characters. This variation was also examined using DFA. The Java Group Skull characters -a DFA based on all the Java Group populations and using a subset of five skull characters extracted two significant functions which combined explained 85% of the variance with 68.6% of individuals allocated to their correct population; no clear subgroups of these populations was detected.
External body characters -a DFA based on all Java Group populations and using a subset of five external body characters (ear length, digit 3 phalanx 1-3 and digit 5 metacarpal length) extracted two significant functions in which 74% of individuals were allocated to their correct population. The configuration of these populations in discriminant function space was very similar to Figure 4 but with a marginal overlap between the populations nominated as the western and southeastern forms on that figure. From this DFA the following population groups were recognised: Western subgroup (Java, Lombok, Sumbawa); Southeastern subgroup (Alor and Roti); and Seram subgroup (Seram island) A DFA based on these three subgroups (Western, Southeastern and Seram) and using a subset of five external body characters (see Table 3 ) extracted two significant functions. Function 1, which explained 74.7% of the variance, separated the Seram subgroup from both the Western and Southeastern subgroups ( Figure 4 ). All characters, except tibia length, had high canonical variate coefficients on Function 1 (Table 3) . Function 2, which explained 25.3% of the variance, separated the Southeastern subgroup from both the Western and Seram subgroups. The characters with high coefficient values on Function 2 were digit 5 metacarpal length, ear length and digit 3 phalanx 1 length. A total of 94.1% of individuals were classified to their correct population subgroup. Misclassification only occurred in the Southeastern subgroup where two of the 10 individuals in this group were allocated to the Western subgroup.
The New Guinea Group
Skull Characters -a DFA based on all populations in the New Guinea Group and using a subset of five skull characters (see Table 4a ) extracted three significant functions which explained a combined (Table 4a) . Function 2, which explained 24.9% of the variance, separated the Kai population from the others. The character with the highest coefficient value on Function 2 was intercochlear distance (Table 4a) . Function 3, which explained 14.5% of the variance, did not noticeably separate further these populations.
External characters -a DFA based on all populations in the New Guinea Group and using a subset of five external body characters (see Table  4b ) extracted three significant functions which combined explained 97.7% of the variance. Only 56.7% of individuals were classified to their correct population. Function 1, which explained 65.4% of the variance, separated the Papua New Guinea population from the Kai and New South Wales populations and partially so from the Queensland population ( Figure 5b ). The characters with high coefficients (>0.5) on Function 1 were digit 3 phalanx 1 length, ear length and tibia length (Table  4b) . Function 2, which explained 24.3% of the variance, separated the Kai population from the other populations ( Figure 5b ). The character with the highest coefficient on Function 2 was tibia length (Table 4b) . Function 3, which explained 9.3% of the variance did not noticeably further separate these groups.
The above analyses indicated that while the Papua New Guinea population had diverged from the New South Wales population; the Queensland population was both geographically and o ., 0'"
&: The Selaru Group Skull characters -a OFA based on the three populations of Borneo, Philippines and Selaru as a priori groups and using a subset of five skull characters (see Table Sa ) extracted two significant functions. Function 1 1 which explained 91.9% of the variance, separated all three populations ( Figure  6a ). All five characters had high coefficient values on Function 1 ( Table Sa ) which suggested that overall skull size was important in separating these were classified to their correct population. All individuals in the Borneo and Philippine populations and all but three of the 42 individuals from the Selaru population were correctly classified; these three Selaru individuals were misclassified to the Philippine population. External clzaracters-a OFA, based on the three populations of Borneo, Philippines and Selaru as a priori groups and using a subset of five external body characters (see Table 5b ), extracted two significant functions. Function I, which explained 86.8% of the variance, separated the Selaru population from both the Philippine and Borneo populations (Figure 6b ). All five characters, except digit 3 phalanx 1 length, had high (>.05) coefficient values (Table 5b) . Function 2, which explained 13.2% of the variance, separated the Borneo and Philippine populations. The characters with high (>0.5) coefficients on Function 2 were digit 3 phalanx 1 and 3. A total of 97% of individuals were classified to their correct populations. All individuals in the Borneo and Philippine populations were correctly classified; a single Selaru individual was misclassified to the Borneo population. 
&: was, however, considerable overlap between these populations, with only 45.2% of individuals classified to their correct population. The plots of combinations of Functions 1 to 3, which combined explained 92.5% of the variance, indicated that some morphological substructuring occurs among these populations. For example, Function 1 which Wetar and Selaru) and using a subset of five characters (see Table 6a ) extracted a significant function (Figure 8a ) which classified 91.2% of individuals to their correct population subgroup. A total of 93.8% and 88.7% of individuals in the Outer Banda Arc and Inner Banda Arc subgroups, respectively, were correctly classified. Individuals that were misclassified in the Outer Banda Arc subgroup comprised the following numbers of individuals: Roti, 1; Semau, 1; and Savu, 2. Inner Banda Arc misclassifications were as follows: Java, 2; Moyo, 1; Sumbawa, 2; and Alor, 2. All characters had high coefficient values on Function 1 (Table 6a) .
External characters -a DFA based on all populations in the Savu Group and using a subset of five characters (digit 3 phalanx 2, tibia length, ear length, forearm length and digit 3 metacarpal length) extracted three significant functions, which combined explained 95.6% of the variance. There was considerable overlap between these populations with only 57.6% of individuals classified to their correct populations. Plots of Functions 1 and 2 (Figure 7b ) revealed most of the separation between these populations, which cluster similarly to the populations that were clustered above based on skull characters. A DFA based on the Inner and Outer Banda Arc subgroups above and using a subset of five external body characters (see Table 6b ) extracted a significant function (Figure 8b ) which classified 92.7% of individuals to their correct population subgroup. A total of 94.1% and 91.3% of individuals in the Outer Banda Arc and Inner Banda Arc subgroup, respectively, were classified correctly. Numbers of individuals that were misclassified in the Outer Banda Arc subgroup comprised the following: Semau, 1; Roti, 1; Savu, 1; and Timor, 1. The characters that had high coefficient values (>0.5) were digit 3 phalanx 2 length, and both digit 3 and digit 5 metacarpal lengths (Table 6b ).
Summary of multivariate analysis
The combination of DFA on skull and external body measurements of specimens of Miniopterus used in this study indicated the presence of considerable morphological differentiation among these island populations. Four distinct groups of populations were identified (Java, New Guinea, Selaru and Savu). The Java Group was the most distinctive and was separated from these other population groups, both in skull and external body characters, but particularly the latter. The savu Group was separated from the remaining three populations groups on skull characters but could not be separated from the Selaru Group on external body characters. The New Guinea and selaru Groups were separated principally on external body characters. All four population groups are recognised as separate species. Within each of these four major population groups there was morphological differentiation, some of which is recognised as being subspecifically distinct. Named taxa relate to the population groups and subgroups as follows: The following systematic section describes these above taxa using univariate analyses, particularly measurements of means and ranges of characters, but also of bivariate plots of characters that were indicated by DFA to be important. These important characters were recognised as those with high standardised canonical discriminant function coefficients (presented in text) as well those with high loadings (from the pooled-within-groups correlations between discriminating variables and canonical discriminant functions). Dobson, 1876 M. pusillus Dobson, 1876: 162 M. macrocneme Revilliod, 1914: 360 Lectotype: Wroughton (1918:22) Wroughton (1918) and agrees with him. It appears that both Tate (1941) and Ellerman and Morrison-Scott (1951) were incorrect in selecting a lectotype from Madras.
TAXONOMY
Miniopterus pusillus
Diagnosis
Miniopterus pusillus differs from M. australis, M. paululus and M. shortridgei by averaging larger in most external body characters (Table 7b) 
Miniopterus p. pusillus differs from M. pusillus subsp. A (see below) by averaging larger in all external body and skull characters, except for digit 3 phalanx length, mesopterygoid fossa breadth and M2 breadth, which are subequal in length ( Figure  10 ). Dobson, 1876 Lectotype and type locality: stated above. Specimens examined: Indonesia; Java IslandCibeureum, 6°44'5, lOrOO'E, WAM M(2716Q-4) 29 9 3 0' 0'. Kiskenda, r06'S, 110 0 16'E, WAM M(39322, 39327, 39371) 3 0' 0'. Lombok Island -Bang Kang, 8°30'5, 116°10'E, WAM (M35850-54, 35857-8, 35868, 35873, 35876, 35960) N  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3 :: Distribution Alor, Roti and probably Seram (this study) and Timor (Goodwin 1979) , Ambon (Hill 1983 ) and possibly Sulawesi (Hill 1983) .
Miniopterus pusillus pusillus
Referred specimens
The three Seram specimens are morphologically slightly distinct from the Alor and Roti populations. However, because they are a small sample their subspecific status could not be assessed.
Remarks: Miniopterus pusillus from Ambon/Seram and Kai islands were thought by Maeda (1982) to represent the form pusillus, while Hill (1983) considered them macrocneme. Goodwin (1979) considered those from Timor island to be M. pusillus, whereas Hill (1983) placed them closer to macrocneme.
We tentatively ascribed specimens examined by us from Kai island to M. australis tibialis. These have measurements very similar to the M. pusillus reported by Hill (1983: Table 10 ) from that island. Hill (1983) stated that M. p. macrocneme differed from M. p. pusillus by having longer tibia. In this study the Southeastern subgroup of M. pusillus, including specimens from Alor and Roti islands (close to Timor island) and the specimens from Seram (Seram subgroup) had tibia of a very similar length to those from the Western subgroup (Java, Lombok and Sumbawa) -that are M. p. pusillus.
Interestingly, the measurements listed by Hill (1983 : Table 10 ) and Goodwin (1979) for M. pusillus specimens from Ambon/Seram islands and Timor island, respectively, fall within the range of measurements for the M. p. pusillus specimens in our Western subgroup, and are not clearly representative of the form macrocneme. Further, the difficulty in attributing specimens in the eastern Indonesian islands to macrocneme is further emphasised by the smaller cranial and dental measurements in our Table 7a , b for the Southeastern subgroup (Roti, Alor islands) and those presented by Revilliod (1914) -in his description of M. macrocneme. For example, greatest skull length 13.6 (13.2-14.0) 22 v. 14.2 (14.0-14.4) 4; mastoid width 7.7 (7.3-8.1) 22 v. 8.1 (8.0-8.2) 4; ClM3 length 5.2 (5.0-5.3) 22 v. 5.6 (5.5-5.8 Maeda, 1982 Lectotype: British Museum, Natural History No. BM(NH) 54.5.19.5, designated by Hill (1983: 172) , who provides a detailed discussion of the history relating to the material examined by Tomes.
Type locality: Loyalty Islands.
Diagnosis
Miniopterus australis differs from M. pusillus as described in the above diagnosis of that species.
It differs from M. paululus in averaging larger in all external body characters, except ear length and digit 3 phalanx 2 length. For example, forearm It differs from Miniopterus shortridgei in averaging larger in all external body and skull characters. For example, forearm length 39.2 (37.4-41.6) 107 v. .2) 137. (Tomes, 1858) Vespertilio tibialis Tomes, 1858: 126-127 Holotype: Stated by Tomes (1858: 126) to be exhibited in the Leyden Museum, where it is supposed to still be located (Tate 1941: 575) . Papua New Guinea -Putei CM (19905, 1995E, 1997E, 1998, 1999E, 2000E, 2002, 20105, 20205, 2030E, 20315, 2032E, 2040, 20435, 2047E) 7 8 00.
Miniopterus australis tibialis
5eram island, Indonesia: Manusela, 30°10'5,
129°36'E, WAM M34722, O.
Diagnosis
Miniopterus australis tibialis differs from M. australis subsp. indet. from Kai island in that both Australian and New Guinea specimens have a shorter tibia 15.9 (14.8-16.9) 93 and 15.9 (15.2-16.5) 10, respectively, v. 17.1 (16.9-17. 3) 3 and a generally shorter forearm length 39.1 (37.4-40.8) 93 and 39.7 (38.8--40.4) 10, respectively, v. 41.1 (40.8--41.6 ) 3. Most other wing measurements are also smaller (Table 7b ). Most skull characters are larger (Table   27 7a). For example, both the Australian and New Guinea specimens have a longer greatest skull length 14.0 (13.7-14.4) 24 and 14.1 (13.9-14.2) 8, respectively, v. 13.6 (13.5-13.8) 3.
Distribution
Queensland, New 50uth Wales (Australia), Papua New Guinea and Seram (this study), Ambon (type locality) and probably 5ulawesi, Batchian island, Aru island, Beu island, Mayabit Bay, Waigeo, West Irian (Hill 1983 ).
Remarks
Tomes (1858) described Vespertilio tibialis from five specimens, but he noted that it differed little from Miniopterus blepotis except that it is a "trifle smaller, and moreover appears to ... differ remarkably in all the specimens in having the extremity of the tibia perfectly free for nearly a third of its length". He provides measurements for one of these specimens as (in. and lino converted to mm) lengths of: head and body 63.5; head 14.8, ear 7.4; tragus 4.2; forearm 39.2-40.2; and tibia 14.8. Measurements for the other three adult male specimens from the Nicobars are provided in Dobson (1871 Dobson ( ). 5anbom (1952 considered that the appearance of the extremity of the tibia in the specimen described by Tomes (1858) almost certainly resulted from the interfemoral membrane not being pinned out such that it curls up along the tibia giving the impression of a "slender shank". Type locality: Guimaras islands, Philippines.
Miniopterus australis
Diagnosis
Miniopterus paululus differs from M. pusillus and M. australis as described in the above diagnoses for these species. 28 D.J. Kitchener, A. Suyanto Miniopterus paululus differs from M. shortridgei in averaging larger in all external body and skull characters except digit 3 phalanx 3 length (see Table  7a , b). For example, forearm length 37.1 (34.2-38.7) 34 v. 36.8 (33.3-39. 3) 148; ear length 10.5 (9.6-11.5) 33 v. 9.7 (8.3-10.8) 
Remarks
Revilliod (1914) diagnosed M. australis from M. pusillus 11Ulcrocneme by its tragus which he stated projects anteriorly at its distal end with an almost horizontal, irregular dentate cranial margin; whereas in 11Ulcrocneme the tragus does not project strongly forward and there is no clear dentate cranial margin. We found no such strong anterior margin in the M. australis available to us. Hill (1983) stated that specimens of australis from more western localities do not have a tragus with this dentate margin. Hollister, 1913 Holotype and Type locality: described above. Specimens examined: Philippine islands -Leyte island, 10"28'5, 124°45'E, WAM M29040 E, Majuyod,
Miniopterus paululus paululus
123°lO'E, WAM M25874-5, 2 Negros island, 9"20'N, WAM M29041-3, 3 .
Diagnosis
Miniopterus p. paululus differs from M. p. witkampi in averaging slightly larger in most wing measurements (Table 7b ). For example, forearm length 37.0 (35.8-37.9) 6 v. 36.3 (34.2-37 .1) 6 and digit 5 metacarpal length 29.6 (28.4-30.4) 6 v. 29.0 (27.3-29.8) 6. Digit 3 phalanx 3 length generally longer relative to ear length (Figure lla) . It differs in that all skull characters, except palatal length and M2 breadth, average smaller (Table 7a ). For example, greatest skull length 13.7 (13.5-13.8) 5 v. 13.9 (13.5-14.3) 5 and braincase breadth 7.0 (6.8-7.1) 5 v. 7.2 (7.2-7.3) 5. Braincase breadth narrower relative to 1 1 M 3 length (Figure llb) .
Miniopterus p. paululus differs from M. p. graysonae subsp. novo in averaging slightly smaller in most external body and skull characters, except tail to vent length, digit 3 phalanx 2 length and zygomatic width (Table 7a, 
Distribution
Majuyod and Negros island (this study), Guimaras island (type locality), Philippines. : : : Remarks Laurie and Hill (1954: 72) stated that in the type series of M. shortridgei the wing membrane is inserted at the end of the tibia near the heel, and that the os calcis with the tail membrane also starts at that point. This was also the case in the specimens we examined from throughout the range of this species. Laurie and Hill (1954: 73) list measurements for the holotype and five paratypes of M. shortridgei. They state that the skull is very similar to M. a. australis but definitely shorter and that the 16 specimens examined by them had a skull length of 12.8-13.3, ClM3 length 4.8-5.0 and ClCl breadth 3.2-3.6. Specimens we studied were similar in size, except that ClCl breadth tends to be larger in our sample. Goodwin (1979: 120) provided measurements for a Miniopterus from Timor island 9.8 D.J. Kitchener, A. Suyanto which he attributed to M. a. australis, but stated that it was "close to M. a. shortridgei of Java but averages slightly larger in forearm and certain other measurements". We consider the Timor specimens examined by Goodwin (1979) to be M. shortridgei.
However, our DFA and univariate analyses indicated that the Timor specimens differed morphologically somewhat from the nominate form on Java. The specimens from Timor island were grouped, along with those from Savu, Roti, Semau, Wetar and Selaru islands, into an Outer Banda Arc form (the geological origins of Wetar are unclear, see General Discussion); while those from the inner (volcanic) Banda Arc islands of Alor, Moyo, Sumbawa, Lombok, Madura and Java comprised an inner Banda Arc form. This latter form averaged larger in all cranial, dentary and dental characters, except cranial height (Table 7a ) and most external body measurements, except tail to vent length, ear length and digit 3 phalanx 3 length (Table 7b ). The Inner Banda Arc form also generally had a longer dentary relative to intercochlear distance ( Figure  12a ) and a generally longer digit 3 phalanx 2 length relative to digit 3 phalanx 1 length (Figure 12b ).
GENERAL DISCUSSION
The four species of Miniopterus studied (pusillus, australis, paululus and shortridgei) showed considerable geographic variation in intraspecific morphology for cranial, dentary, dental (except M. pusillus) and external body characters. In the case of
,' .,/z. shortridgei, two reasonably distinct forms are recognised. One of these forms is restricted to Java and the volcanic islands of the Inner Banda Arc, which are a volcanic extension of Western Sumatra and Java (Michaux 1991) ; the other occurs on the gondwanic islands of the Outer Banda Arc, and apparently also on Wetar island. The single specimen from Wetar island is a damaged skull only. A DFA run with a reduced set of variables, so as to include this Wetar island specimen in the analysis as an unallocated specimen, placed it with specimens from the Outer Banda Arc group of islands. Intraspecific morphological variation in both M.
pusillus and M. shortridgei appeared to be most marked in the general region of Alor and Wetar islands. Interestingly, Alor and Wetar islands, like Roma and Kambing islands, now inactive volcanically, are characterised by reef-limestone terraces uplifted to 500-800 m above sea level (see Hamilton 1979) . Perhaps the more recent volcanic activity on Inner Banda Arc islands to the west of Alor island not only impacted on the habitat and faunal assemblages on those islands, but may in some way have favoured the development of a particular bat ecomorph.
The western M. p. pusillus (Java-Sumbawa) is larger in all characters than the eastern form, M.
pusillus subsp. indet. A (Alor and Roti). Further, the Inner Banda Arc form of M. shortridgei (Java-Alor)
is larger for most characters than the form on the Outer Banda Arc and Wetar island. The region of this differentiation reflects a pattern documented by , Kitchener, Konishi and Suyanto (1996) and Kitchener, Packer and Maryanto (1996) who examined intraspecific morphological variation in ten species of bat and a mouse in the region of southern Indonesia between Java and the Kai islands. They noted that morphological differentiation tended to occur in the eastern parts of the distributional range of the species examined, or in the Outer Banda Arc on the islands of Sumba, Roti, Savu, Semau and Timor. The exceptions to this were two species that morphologically diverged in the western part of this region. These were Scotophilus collinus Sody, 1936, which had two forms that diverged between Bali and Lombok islands, and Hipposideros diadema (Geoffroy, 1813) , which had two subspecies that interfaced between Lombok and Sumbawa islands.
The trend for M. pusillus and M. shortridgei to become smaller in overall size on the eastern and southern islands in the Lesser Sundas is also observed in seven of the ten bat species referred to above. The exceptions were Cynopterus nusatenggara Kitchener and Maharadatunkamsi, 1991 and 31 Hipposideros sumbae Oei, 1960 , which increase in size, and Scotophilus collinus Sody, 1936 which shows no clear such trends in morphology. stated that this trend for overall skull and body dimensions to change with longitude, at least for the most eastern islands of Tanimbar and Kai, which have a less severe climate, may in part be influenced by Bergmann's effect. However, within the Lesser Sundas a complex interplay of factors is likely to be involved. This is indicated by the study by Kitchener and Maharadatunkamsi (1996) on Cynopterus nusatenggara which showed that most cranial, dentary and external body measurements became larger to the east or on the more isolated islands, and smaller on the islands to the south. However, the cranium and teeth also were smaller on the larger (irregularly shaped) islands.
The two forms of M. shortridgei overlap somewhat morphologically, but not particularly so in the region where the islands in the gondwanic outer Banda Arc and volcanic inner Banda Arc are closest. This is between Alor and Timor (the placement of Wetar island in these island Arcs is not clear). For example, a few specimens from the more western islands of Java, Moyo and Sumbawa were misclassified to the Outer Banda Arc form. For this reason, these two forms are not recognised as subspecies. It may well be that examination of further specimens from the region of the interface between these forms (AIor, Timor and Wetar islands) may provide a stronger case for the recognition of them as subspecies. While the systematic groupings of forms in this paper into species differs somewhat from that of Hill (1983) , we place the forms we studied into similar subspecies taxa. We are also doubtful that the eastern Indonesian form of Miniopterus pusillus on Timor and asociated islands and on Seram (and Ambon) represent the form macrocneme. However, we recognised that other taxonomic tools need to be applied to further resolve the taxonomy of this group. Our experience with this genus leads us to agree with Goodwin (1979) that resolution of the taxonomy of many forms of Miniopterus is exceedingly difficult because morphological differences between even sympatric species are sometimes minor and that pelage colour is of little taxonomic value.
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